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Summary

For the AMS experiment onboard the Internationahac®pStation a thermal control system,
known as the Tracker Thermal Control System (TTC®giag developed. The TTCS basically

consists of a mechanically pumped two-phase lodygravheat is collected at two evaporators
and rejected at two radiators. The loop containbaradioxide. Critical parts of the loop are

protected against freezing, using thermostats aradehs. However, during (accidental) total
power down of the experiment, some parts may freeze

This document describes a test plan and procedutetermine the TTCS condenser maximum

design pressure. A stress calculation approacteisepted as a starting point for the condenser
design. Furthermore an overall activity sequenbkete given which describes steps to be taken
for the condenser to be space qualified.
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1 Introduction

1.1 General

During (accidental) AMS experiment power down thECE condenser and part of it's feed and
return lines may freeze. If no measures are takencbndenser eventually may burst during
thawing. To avoid this a condenser is being desigreadprising a number of capillary tubes in
parallel, attached to an interface plate whictuimis bolted to the radiator heat pipes.

1.2 Test objective

The test objective is to determine the condensedmman design pressure. This pressure will
occur during heat-up and thawing of the condenier being cooled down.

2 Condenser design approach

Design approach is to construct the condenser thathit can withstand the pressure which
occurs, during heat-up, due to thermal expansionaobon dioxide. Carbon dioxide solid to
liquid transition has a free expansion of 28.5%amiameter tubing is chosen, with an inner
diameter of approximately 1.0 mm, to handle veghhpressures (up to a few thousand bar).

Carbon Dioxide: Temperature - Pressure Diagram
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Figure 2-1: Carbon dioxide T-p diagram
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As it is uncertain how trapped G@vill behave during thawing it is proposed to detere the
condenser maximum design pressure by test. Onkeofhieories is that, during thawing, the
trapped CQ will follow the melting line as shown iRigure 2-1. In that case the pressure may
rise up to 3000 bar when the condenser temperatui® °C, while the feed and return lines are
still blocked by solid C®(at 5 bar, the C&freezing point is =56 °C).

In this specific case the trapped £@ill be (partly) solid at =5 °C. Current maximuiMS

non operational (e.g. the situation after freezimgjliator temperatures are calculated to be -5
°C.

Aluminum plate

7x capillary tubing

Figure 2-2: Preliminary condenser design, capillary tubing in parallel



-7-

AMSTR-NLR-TN-022-Issue02

UNIVERSITE DE GENEVE

3 Freezing philosophy

The expected freezing and thawing sequence is sisotvematically irFigure 3-1 andFigure
3-2 and described in detail ifable 3-1.

s ! Cool down
>-56"C
Liquid
v Radigtor: 9
7 i i i
See 2 Cool down
v Radiqtor 9l
¢ z z z z
see 3 Cool down
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Figure 3-1: Condenser cool down sequence
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Figure 3-2:

Condenser heat up sequence
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Step # COOL DOWN SEQUENCE

1. Initial state: radiator, condenser and feed & nrefines are well above freezing point
(>-56 °C)

2. Radiator temperature falls below freezing point%8 °C), feed & return line start to
freeze

3. Freezing front moves along feed & return linesagrom the condenser, meanwhile

blocking liquid that otherwise would possibly entkee voids in the condenser. As the
tube diameter is very small (only 1 mm) liquid kot is considered to be close the
freezing front.

4, Radiator temperatures decreases and freezing frmvies further away from the
condenser.

Step # HEAT UP SEQUENCE

1. Initial state: radiator, condenser and part oflf&eeturn lines are frozen (<-56 °C)

2. Condenser exits are blocked, condenser is aboBe’ S5 pressure increases. £0©0
still still (partly) frozen, because of high pressu

3. Temperature and pressure keep rising, condenser ana still blocked. CQis still
frozen.

4, When feed & return lines thawing finally freesting condenser exits, pressure rapidly

decreases, causing the condenser content to melt.

Table 3-1: Condenser cool down and heat up sequence
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4 Sequence of (test) activities

A number of activities are proposed which evenyubdhds to a space qualified condenser for
the AMS project. This document however focuses epssi through 2.1.

Step Activity

1 Determination of condenser Maximum Design Presser(MDP)

1.1 Design and build test set-up, using strain gaug

1.2 Perform representative freezing tests usingebest set-up

1.3 From test results derive condenser MDP

2 Make a condenser design (iteration procedure ofgints here below)

2.1 Perform stress calculations, using condenseP MiBd appropriate safety factors
2.2 Optimise tube routing (from thermal, hydrawalitd stress point of view)

2.3 Determine/calculate influence of thermal expgams

3 Condenser engineering/qualification model manufdaring

3.1 Determine brazing, solder and heat treatmentesee

3.2 Remember that there is a large difference bmtwmanifold MDP (160 bar) and

condenser MDP (TBD bar). An acceptable sequencess#nably/manufacturing and
required (pressure) tests should be determined.

4 Maximum design pressure verification
4.1 Verify by CO2 freezing test (very high pressupeobably not possible to apply usipg
standard methods)

Table 4-1: Sequence of activities

5 Test set-up

5.1 Test philosophy and starting-points

It is assumed and in some cases calculated thatrbity freezing problems occur under the
following circumstances:

¢« The AMS experiment with all equipment inside nefatis below —56 °C

e Freezing starts at the condensers

« Thawing starts at the condensers

¢ The maximum non-powered cool-down radiator tempeeatate-of-change is 0.8 °C/min

¢ The maximum non-powered heat-up radiator tempegatte-of-change is 1.7 °C/min
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The maximum, non-operating radiator temperatur&isC (TBC)

From the above it follows that:

The accumulator temperature is always higher tharirozen part of the loop

The system is pressurisedcd determines @=pPoverail_system

Prior to freezing the condenser and feed & retumesl are completely filled with G&iquid
Most part of feed & return lines environment tengtare > CQ freezing point

Feed & return lines will partly freeze, startingrin the condensers

Feed & return lines thawing starts from the condens
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Figure 5-1: Test set-up schematic

A downscaled CO2-loop will be built and tested m environment well below the freezing
point of CO2, see Figure 5-1. This loop will be ipmed with a temperature controlled
accumulator and a capillary tube, partly equippétth strain gauges. This part will be referred
to as the ‘measurement section’ and is temperatangrolled independently from the other
components. The number of couplings, branches atmaisive test components will be
minimised to avoid accidental leak. The loop will &eacuated and filled with CO2. While
being pressurised, by controlling the accumulagongerature, the condenser will be cooled
below the freezing point of CO2. The feed and retlimes will be cooled below the GO
freezing point as well, starting from the conderside. For this purpose the feed & return lines
are equipped with zone heaters which will be swtctoff one after another to create a
‘propagating freezing front’. After a dwell time everal hours the measurement section will
be temperature controlled to a temperature aboeefrbezing point, while watching and
recording the strain gauge outputs. As long asntleasurement section tube is elastic, the
temperature will be increased and the strain gaugeuts recorded. The complete cycle will be
repeated twice to get more information on repradaility.
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Subsequent steps depend on the test results:
a) Test results do reproduce
- Increase the measurement section temperature #g3C or until the section
bursts, whichever comes first.
b) Test results can not be reproduced
- Stop the test by changing all temperatures to €25 the required sequence.
- Calibrate the measurement section again
- Compare calibration after the test to calibratiefobe the test

In the past similar tests have been performed othan condenser type, sEmure 5-2.

Relief valve Climate chamber
T

Viewing glass

) /|
Fill valve

gy
e——— >
)l 14
¥ Tempex insulation
10 /
B e - ) .13
BT —___ AIRFLOW

Heat sink

Figure 5-2: Similar Test set-up used for other condenser type testing
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350 mm

A
A\ 4

Figure 5-3: Measurement section, here drawn without cooling/heating part

The measurement section consists of a single stardteel capillary tube, equipped with three
thermocouples and eight strain gauges,Fgere 5-3. A stronger material, like inconel 718, is
preferred for its high strength and therefore hajlowed pressure. However inconel 718
delivery time is long and minimum order quantitea® large. The tube is part of a simplified
CO, loop. From a freezing point of view, all paraltelpillary tubes are considered independent
units which do not interact. Therefore testing omhe tube is considered representative for one
complete condenser.

Prior to testing the measurement section must blerated, preferably at low temperature. An
external pressure will be applied and measuredewdtilain gauge outputs are being recorded.
This will be repeated three times. A small feastipitest on very small diameter tubing was
carried out, seBigure 5-4. The results are promising, semgure 5-5
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Tube, OD=2mm

Figure 5-4: Strain gauges on OD=2mm tube set-up
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8 —¥— B theoretical
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B = Complete Wheatstone bridge
SG =  One strain gage (Y4-bridge)

Figure 5-5: Feasibility test, strain gauge calibration results on OD=2mm tube
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6 Test procedure
Step Action
1. Perform He-leak test on test item prior to filling
2. Fill the system with C®
3. Install the system into the climate chamber, iditig temperature sensors and po
wires etc.
4, Start data-acquisition system
5. Set climate chamber and measurement section@zahd accumulator to +5 °C
6. Set climate chamber to =50 °C @ 5 °C/min
7. Switch all zone heaters controls on to keep fea@t&rn lines between —50 and —
°C
8. Wait for zone heater 1 temperature to become €30 °
9. Set measurement section to —120 °C @ 1.7 °C/min
10. As soon as measurement section = -50 °C:
Set climate chamber to =70 °C @ 0.4 °C/min
11. After 30 minutes switch off zone heater 1
12. After 30 minutes switch off zone heater 2
13. After measurement section reaches —120°C wali fieetil & return lines are —65 ° (
lower
14. Wait at least 1 hour
15. Increase measurement section temperature with e rate-of-change of 1.
°C/min as long as tube section is elastic, simelbarsly watch strain gauge outputs.
16. If this is the third cycle AND the strain gaugetmuts reproduced, further increq
the measurement section temperature to +25 °C tilrtha tube bursts, whicheve
comes first.
17. If this is the third cycle go to step 23
18. Switch on zone heater 2, control zone temperdter@een —50 and —30 °C
19. After 30 minutes switch on zone heater 1, conzohe temperature between —50 &
=30 °C
20. After 30 minutes set climate chamber to =50 °C @&/Mnin
21. Wait at least 1.5 hours
22. Repeat from step 9, twice
23. Set climate chamber to 10 °C @ 5 °C/min
Setaccu to +15 °C
Set measurement section to +10 °C @ 5 °C/min
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Check CQ content in viewing glass

Set climate chamber to 20 °C @ 5 °C/min
Set accu to +20 °C
Set measurement section to +20 °C @ 5 °C/min

26.

Remove test set-up and empty it

27.

Visual inspection

Temperature [°C]

30

-30

-50

-70

-90

-110

-130

Table 6-1: Test procedure

TTCS Condenser Freezing
3x

actual T depends on |
_v_strain gauge output

\ § \ zone 1
i /zone 1)

climate ch;'amber \\ 4//\ L~ /

A /

e

measurement section

0 1 2 3 4 5 6 7 8 9

Test time [h]

Figure 6-1: Measurement section freezing temperature cycle

Test result evaluation

Test results may roughly fall into one of the faliag three categories:
1) Pressure is higher than the Q@elting line

In the very unlikely event this will happen, the asarement section is probably too
weak to measure up to -5 °C, while feed & retunadiare blocked by ‘packed g©e’.

If the test tube eventually is allowed to bursiiilae with known properties however will

provide additional information. The MDP will be higbut not exactly known and

probably too high for even the strongest matenalshe market.

2) Pressure is equal to the £@elting line
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- The measurement section could be too weak to meaguto —5 °C, while feed & return
lines are blocked by ‘packed G@e’. If the test tube eventually is allowed toréty a
tube with known properties however will provide #dohal information. Secondly the
freezing phenomenon is considered verified and rtgdting line can be used to
determine the MDP.

3) Pressure is lower than the ©@elting line
- The measurement section is probably strong encughetasure up to -5 °C. The MDP
can be directly derived from the strain gauge otstpu

8 Stress calculations on capillary tubing under highpressure
8.1 Material properties

For the material of the tube, Inconel 718 has belewsen due to its high yield and ultimate
tensile stress. The material properties are ligtetiable 8-1 (Ref. [ 1] and [ 2] ). Due to the
large operational temperature range, differenceerisile and yield stress, modulus of elasticity
and coefficient of thermal expansion can occur. fRore details on this, one should Ref. [ 1]
and [ 2] . For the current preliminary investigatithe use of the values listedTable 8-1 are
assumed to be sufficient accurate.

Density 8190 kg/rh
Modulus of elasticity 200 Gpa
Yield stress 1034 MPa
Ultimate tensile stress 1280 MPa
Coefficient of thermal expansion 131/m°C
Thermal conductivity 11.4 WIfC
Specific heat 435 J/KEC

Table 8-1: Material properties of Inconel 718

8.2 Internal pressure

If the wall thickness of the tube is more than abowoe-tenth of the radius, the radial and
circumferential stresses cannot be considered umifbroughout the thickness of the wall and
the radial stress cannot be considered to be rigliglig-ollowing formulas describe the stresses
in the wall at the inside surface (where they haweaximum) (Ref. [ 3]):
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Circumferential:

o, = m[zi f:) &)
Radial:

g =-p &)
Longitudinal:

a,=p, (#) ©)

(o] I

The longitudinal stress is zero if the ends oftth® are open.
As a measure of the limiting stress, the Von Miesss is taken. It is defined as (&r 0):

Oum :\/Jr2+0-tz_0-r0-t (4)
Substituting the expressions fgrando, yields:

O = pNa*+a+1 (5)

Where:
2 2
ry =+,
=< 1 6
r2—r? ©)

Note that the relation between radii and wall thieks is given by:

r0 = I’i +1 (7)

Using a safety factor of 4.0 on the ultimate sttbr(gvhich is the limiting value), the maximum
allowable Von Misses stress becomes:

o,y = 0250, (8)
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From the formulas it can be seen that the circuenfigal stress at the inner surface of the tube
approaches the pressurggs the ratio of outer to inner pressure approadhiasty. It is
apparent, therefore, that if the stress is to iédid to some specific valug the pressure must
never exceed;p= 5, no matter how thick the wall is made. For a giwamer radius, the outer
radius is calculated with Eqg. (7) and factowith Eq. (6). For a given value of the ultimate
stress, equation (5) gives the explicit relatiobmaen the pressure and the wall thickness. This
relation is plotted irrigure 8-1 for two different inner radii. ITable 8-2 andTable 8-3 the used
values are given.

Table 8-2 Allowable internal pressure for inner radius 0.5 mm

Allowable

pressure
rmm] t[mm] rr[mm] of-] [bar]
0.5 0.5 1.0 1.6667 1371
0.5 1.0 15 1.2500 1639
0.5 15 2.0 1.1333 1731
0.5 2.0 25 1.0833 1773
0.5 2.5 3.0 1.0571 1796
0.5 4.5 5.0 1.0202 1829
0.5 5.0 55 1.0167 1832

Table 8-3 Allowable internal pressure for inner radius 1.0 mm

Allowable

pressure
ri[mm] tmm] r[mm] of] [bar]
1.0 0.5 15 2.6000 994
1.0 1.0 2.0 1.6667 1371
1.0 15 25 1.3810 1545
1.0 2.0 3.0 1.2500 1639
1.0 2.5 35 11778 1695
1.0 4.5 55 1.0684 1786

1.0 5.0 6.0 1.0571 1796
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Figure 8-1: Allowable internal pressure as function of the wall thickness for two different values
of the inner radius. The limiting stress is the Von Mises stress, with a safety factor of 4.0 on the
ultimate tensile stress (i.e. oyy < 0.25 g)

In Figure 8-2 to Figure 8-8 relations between wall thickness and Von Misessstis shown for
different values of internal radius and internaégsure. These formulas are valid if the Von
Mises stress is lower than the yield stress oflgerial. Note that the relations are independent
of the material properties of the tube, but only ggometrical properties. The relations can
therefore be used for different tube materials. Valees used for constructing Figure 8-2 are
listed inTable 8-4.

Table 8-4: Von Mises stress as function of wall thickness for internal pressure 1000 bar and
different values of the inner radius.

r, =0.5 [mm] r, =1.0 [mm] r, =1.5 [mm]

t Von Mises Von Mises Von Mises
0.5 233.3 321.9 416.3

1 195.3 233.3 276.4
15 184.9 207.1 233.3

2 180.5 195.3 2134
25 178.2 188.8 202.2
4.5 175 179.2 184.9

5 174.7 178.2 183
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Figure 8-2 Von Mises stress as function of the wall thickness for different values of the inner
radius for inner pressure of 1000 bar
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Figure 8-3 Von Mises stress as function of the wall thickness for different values of the inner
radius for inner pressure of 2000 bar
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Figure 8-4: Von Mises stress as function of the wall thickness for different values of the inner
radius for inner pressure of 3000 bar
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Figure 8-5: Von Mises stress as function of the wall thickness for different values of the inner
radius for inner pressure of 4000 bar
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Figure 8-6: Von Mises stress as function of the wall thickness for different values of the inner
pressure for inner radius of 0.5 mm
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Figure 8-7: Von Mises stress as function of the wall thickness for different values of the inner
pressure for inner radius of 1.0 mm
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Figure 8-8: Von Mises stress as function of the wall thickness for different values of the inner
pressure for inner radius of 1.5 mm

With a factor of safety of 4 on the ultimate str@Sgjure 8-1), it seems to be that the internal
pressure can never be higher than 1800 bar. Howtheesituation looks worse than it actually
is (Ref. [ 3]): as a thick walled cylinder is pragsed, the bore material, which is the most
highly stressed part of the cylinder, begins tddyi&Vith further increase of the pressure the
yield surface begins to propagate. At some stadgenwmore and more of the cylinder is
entering the plastic regime, the bore materialtstar strain hardening. When the pressure is
removed, it leaves residual compression in theripaet and residual tension in the outer part.
Therefore the cylinder can withstand higher pressuhan would follow from the standard
pressure vessel formulas, which are in fact onliidvéor isotropic material, resulting in
conservative estimates of the wall thickness necgss withstand high pressures.

The technique of applying a high initial presswwdrequently used in the manufacturing of gun
barrels and cannons and is called autofrettage [R$f.

The expression for the bursting pressugg, i3 a function of the ultimate tensile strengtid a
the radii of the tube:

o=
p, =20, r° " rl 9)

o 1
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commonly known as the mean diameter formula, iergggly empirical but agrees reasonably
well with experiments for both thin and thick cyimcal tubes. For very thick tubes the
formula:

p, =0, Inr—° (10)

is preferable. Greater accuracy can be obtaineasing with this formula a multiplying factor
that takes into account the strain hardening ptagseof the material:

2
p, =2 2- Ty Lo (11)
g I.

V3 A

In the above expressions the ultimate stress agld giress are used without safety factor. A
safety factor can be applied to the bursting presdusing FS = 4 for the ultimate tensile stress,
the bursting pressure has to be divided by 4. €kalt of the different formulas is displayed in

Figure 8-9. With a maximum allowable internal pressof, for example, 4500 bar (= 450

MPa), the wall thickness varies from 1.2 to 2.4 nad@pending on the formula used. Note that
using the standard tube formulas, no wall thickmessld be able to withstand this pressure.

800 1 T
—o—ref [1] !
700 + -4 —®—refl2] |- =T A
|
ref [3] ‘
600 - no strain hardening ‘
g — —450 MPa
=3
o 500 +
>
%]
]
S 400
|2
2
> 300 -
@
®
(2]
200
100 +
0
0

wall thickness [mm]

Figure 8-9: Safety burst pressure as function of the wall thickness, using a safety factor of 4 on
the burst pressure (for Inconel 718)
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The results without using a safety factor are digpdl inFigure 8-10. Very high pressures can
be achieved before the tube actually bursts.

3500 T T T
| |
—o—ref [1] I I
| |
——ref [2] I |

1000 I e e e s i
ref [3] ] ]
no strain hardening | l

2500 & -4 — —450MPa | ________ A" ____ e R
' | | :
o | | |
= | | I

) 2000 +----- ‘r ***** ‘r ******************************* ‘r ***********
2 | | | |
[%] | | | |
o I | |
2 1500 + | | | |
5 | | | |
2 | ‘ | l l

1000 - - - - - N/ 2R e - -
| | | |
‘ | | l l
| | I + +

500 H e e e e e e e e e e — — — — e — —
| | | | |
| | | | |
| | | | |
| | | | |
0 T T T T T T T T T
0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5

wall thickness [mm]

Figure 8-10: Burst pressure as function of the wall thickness, without a safety factor on the burst
pressure (for Inconel 718)

Note that the results are dependent on the mafenmglerties: for stainless steel with a lower
yield stress and ultimate tensile stress, the maxirburst pressures will be lower. To achieve
for instance a pressure of 4500 bar, the wall treésks would increase.

8.3 Thermal expansion

The way of attachment of Inconel to aluminium isrreatly under investigation. Two

principally different techniques are currently coiesed, both having their (dis)advantages:

1. solder the tubing, which causes stresses in altmadd as their thermal expansion differ

2. apply highly flexible epoxy [Appendix A, possiblardidate], which causes major stresses
in the epoxy.

The calculations below focuses on a strong mechhobnnection between the two materials

(soldering).

The base plate is made of aluminium which has anthkeexpansion coefficient af, = 23

um/m °C, which is almost twice as much as for Inconel. W@nsidering the temperature range
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—-120°C (lowest condenser temp) to +200 (approximate soldering manufacturing temp), this
will introduce large thermal stresses.

With a simple calculation the effect of temperatonethe stresses can be roughly estimated. For
this, assume two pieces of material are fixed togyeat their ends, and both having a cross area
of Ay = A, = 1 mnf, then the axial force can be derived from:

- EalAaJEinAn (aaj _a,m)AT
EalAaI + EinAn

where E = 70 GPa and T = 320°C. The values for Inconel can be foundrable 8-1.

Then the axial force is 160 MN and the axial sties$60 MPa, which is both lower than the
yield stress (range 270 to 480 MPa, depending eralloy used) and the ultimate tensile stress
of aluminium (range 300 to 550 MPa). A more dethiteermal analysis of the structure is
necessary to investigate if this high thermal stz occur in the corners of the tube.

8.4 Conclusions

« Allowable internal pressures can be higher thanviddees found from standard pressure
vessel formulas due to strain-hardening of the tubeerial.

e Thermal stress can be severe but values are exlpectee lower than the yield stress of
aluminium. A more detailed analysis will be necegda detect possible problem areas and
to find solutions for this.
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Appendix A: Technical Data Sheet Epoxy EP21TDC-2LO

MASTER BOND POLYMER SYSTEM EP21TDC-2LO

Two Component, Low Outgassing Epoxy Resin Compound Featuring Flexibility and
Thermal Conductivity For High Performance Bonding, Seal ing, Coating, And
Encapsulation. Cryogenically Servicable
Product Description
Master Bond Polymer System EP21TDC-2LO0 is a low asging two component highly flexible,
thermally conductive epoxy resin compound for highfgarmance bonding sealing, coating, and
encapsulation. It is formulated to cure fully atte@emt temperature or more quickly at elevated
temperature with a convenient one to three mix fafisveight. The cured compound exhibits high
elongation and excellent toughness. As very littietleerm is developed during cure the Master Bond
EP21TDC-2LO is suitable for potting and encapsuldtingk as well as thin sectioned configurations.
This epoxy resin compound exhibits superior tensilarsaed peel strength for bonding and sealing
applications. It adheres well to many differentstdtes including metals, glass, ceramics, rubber and
plastics. The hardened composition is an excellectr@al insulator with outstanding resistance to
chemicals including water, acids, bases and salts. Thieesséemperature range is from 4°K to 250°F
making it suitable for many cryogenic applications.skéa Bond EP21TDC-2L0O is widely used in the
electronic, electrical, optical, fiberoptic, aerospand other industries where low outgassing, flagbil
and thermal conductivity are desirable.
Product Advantages
« Convenient mixing: non critical one to three weight ratio
» Easy application: product spreads evenly and smoothly
« Versatile cure schedules: ambient temperature cures or fast elevated temperature cures
as required
» High peel strength and elongation, excellent thermal shock and chemical resistance
» Superior bonding properties on similar and dissimilar substrates, superb impact
resistance
» Excellent durability, high thermal conductivity combined with good electrical insulation
properties.
» 100% reactive, no solvents, dilutes or volatiles emitted during cure or in service
« Cryogenically serviceable; temperature range 4K-2 50F.
» Meets NASA low outgassing specifications.
Product Properties

» Mixing ratio, weight or vOIUME, PArS A 10 B .....ciiiiiiiiiiiiiiiiiiee et 1/3
* Viscosity of Mixed adheSiVE, 75T, CPS ...uvririit iiiiieeiiiiiiiiie ettt e e e e e e e e e eaees paste
» Working life after mixing, 75F, 100 gmM Mass, MINUTES ......cceiieeiiiiiiiiiirieeeeeesssiiiineeeeeeeeeeesssnsnnnnes >90
e Cure schedule ambient temperatures, 75F IS ...... oo 48-72 hours
» Cure schedule ambient temperatures, 150F Nrs ... ..o 3-4 hours
o Tensile strength, PSi, 75T Pli weveeiiiiiiiiiii e e e e e e e s e e e e e e e e e ane 1070
L =1 (o] oo F= Vi {0 T T4 O PPPPT PP >50
» Tensile shear strength, aluminum/aluminum, 75F, PSi ... >980
o T-peel StrENGtN, 75T Pli oo e e e >15
o HAIANESS, SNOTE D ..eeeeeeee et e et ettt e e et e e et e e et e e e e e e e e ea e e ee e e e e e ereaaeeeaas 36
o Water vapor permeability, gmsS/M2/24 NOUIS .......c.cooviiiiiiiiiiiieiee st <0.5
* Moisture vapor transmission, gM/M2/24 NOUFS . ......cooiiiiiiiiiiiiee e ee e <0.152
* Volume resistivity, 75F ohm cm P >10

e Thermal conductivity, BTU * in/ft * Nr ¥ F oo e 9
« Thermal expansion coefficient, in/in a0 I OSSR 90-100
e SErViCe tEMPETAtUIE FANGE, ....vvvrririeieeeeiiiitiitrerreeeeeessssttrrrrreaeeaeessasssrrreeraaaaesessaansssnnneeeees 4K to 250F

 Shelf Life, unopened containers @ RT
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Appendix A: Technical Data Sheet Epoxy EP21TDC-2LO¢ont'd

Preparation of Compound for Casting or Bonding

Master Bond Polymer System EP21TDC-2LO0 is prepavedde by thoroughly mixing part A with
part B in a one-to-three mix ratio by weight. Migishould be done slowly to avoid entrapping air, stir
until uniform. The working life of a 100 gm batchimsthe order of 90 minutes. It can be substantially
lengthened by using shallower mixing vessels or misimgller size batches. For bonding and sealing
uses, matching surfaces should be carefully cleaneckatey and dried to maximize bond strength.
When bonding to metal surfaces, chemical etchingldhmiemployed when the bonded joints are to
exhibit optimal environmental durability. Non-possurfaces should be roughened with sandpaper or
emery paper and solvent cleaned using acetone arexyle

Compound Application and Assembly

Master Bond Polymer System EP21TDC-2L0O can be caemty cast or applied with a spatula,
knife, trowel, etc. When bonding, enough (mixed)esive should be applied to obtain a final adhesive
bond line thickness of 4-6 mils. This can be accometidby coating each surface with an adhesive film
of 2-3 mils thick. Porous surfaces may require somewloag adhesive to fill the voids than non-porous
ones. Thicker glue lines do not increase the stheoiiga joint but do not necessarily give inferior fesu
as the EP21TDC-2LO compound does not contain anyilesla The parts to be bonded should then be
pressed together with just enough pressure to obtdimaintain intimate contact during cure.

Cure

Master Bond Polymer System EP21TDC-2LO can be cairenom temperature or at elevated
temperatures as desired. At room temperature Mastat Bolymer System EP21TDC-2LO will cure in
2-3 days. Faster Cures can be realized at elevartguoetatures, e.g. 3-4 hours at 150°F. Remove excess
material promptly with a spatula before it hardenseripe with rag and solvent such as isopropyl
alcohol, toluene or acetone. Thinner sections okgpake longer to cure than thicker ones.

Handling and Storage

All epoxy resins should be used with good ventiladon skin contact should be minimized. The
EP21TDC-2LO compound employs a low toxicity harderes remove resin or hardener from skin, use
solvent, then wash with mild soap and water. If matemters the eyes, flood with water and consult a
physician. Optimum storage is at or below 75°F in dasmtainers. No special storage conditions are
necessary. Containers should however be kept closedvahén use to avoid contamination. Cleanup
of spills and equipment can be achieved using acetorglene employing proper precautions of
ventilation and flammability.



